Introduction {#sec1-1}
============

Acute pancreatitis (AP) is an inflammatory process of the pancreas characterized by abdominal pain and increased pancreatic enzymes.\[[@ref1][@ref2]\] Several clinical conditions are known as the causes of AP, the most common of which are gallstones and alcohol consumption.

The annual prevalence of AP is estimated to be 5--35 people per 100,000, while the mortality rate of AP is 5%.\[[@ref3]\] Gallstones (including microlithiasis) are the most common causes of AP in 35--40% of cases.\[[@ref4]\] Only 4--7% of those with gallstones have AP.\[[@ref5][@ref6]\] The gender of the patient and the size of the stone are known as risk factors for stone-induced pancreatitis. The risk of developing pancreatitis is higher in males. However, owing to the increased prevalence of bile duct stones in women, the prevalence of pancreatitis is higher in women.\[[@ref5]\]

Abdominal ultrasound should be performed to detect bile duct stones in all patients with the first occurrence of AP.\[[@ref7]\]

Ultrasound is not considered as an appropriate method for diagnosing and classifying the severity of pancreatitis. It is more commonly used to diagnose the presence of gallstone.\[[@ref8]\]

The sensitivity of ultrasound for common bile ducts (CBDs) in dilated and non-dilated cases is 75% and 50%, respectively.\[[@ref9]\] The sensitivity and specificity of ultrasound for gallstones are 84% and 99%, respectively.\[[@ref10]\] It should be pointed out that ultrasound does not have the ability to detect stones \<3 mm.\[[@ref1]\]

Endoscopic ultrasound (EUS) is a technique with high sensitivity and specificity that can be used to detect biliary disease.\[[@ref11]\] Meta-analyses have shown that in contrast to endoscopic retrograde cholangiopancreatography (ERCP) and intraoperative cholangiography, EUS has a sensitivity and specificity of 89% and 94%, respectively, for the diagnosis of common bile duct stones (CBDS).\[[@ref12][@ref13]\]

The sensitivity of the EUS for the detection of CBDS is 100%, compared to the sensitivity of ultrasound that is 84%.\[[@ref14][@ref15]\] Compared to abdominal ultrasound, one of the most important advantages of EUS is that images of the biliary system are more clearly seen without the effects of abdominal fat and gases in the digestive system. Although EUS has great diagnostic capabilities, the aggressive nature and inability to perform therapeutic measures are regarded as deficiencies that do not allow the EUS to be known as the primary diagnostic tool for bile duct stones.\[[@ref16]\] In 60--70% of cases, EUS can detect the main cause of AP. Studies have shown that the diagnostic capabilities of EUS are higher than magnetic resonance cholangiopancreatography (MRCP) for the diagnosis of small bile duct stones.\[[@ref17]\] On the other hand, studies suggest that EUS performs as well as ERCP for the diagnosis of bile duct stones in the duodenum.\[[@ref16][@ref18]\]

Given the fact that the diagnosis of idiopathic AP can be performed by EUS and ERCP after rolling out the most common cause of pancreatitis (bile duct stones and gallbladder), EUS is of great importance. If patients are dismissed without definitive diagnosis of empiric therapy, the likelihood of a recurrence or subsequent complications will increase. Further studies are needed to investigate the diagnostic role of EUS in cases such as idiopathic AP. Owing to the fact that this has not been studied in Khuzestan and the great number of patients with pancreatitis, the present study aimed to determine the sensitivity of abdominal EUS and EUS in the diagnosis of malignant bile duct stones in patients with idiopathic AP.

Materials and Methods {#sec1-2}
=====================

This descriptive study was performed on 146 patients with pancreatitis hospitalized in the Imam Khomeini Hospital in Ahwaz Jundishapur University of Medical Sciences. The study was approved by the ethics committee of the Ahvaz University of Medical Sciences, and written consent was obtained in accordance with the Helsinki Treaty. The demographic data of all participants were recorded. Those participants who were not excluded from the study underwent EUS during the first week of admission. Microlithiasis with a size of 0.5--3 mm was considered as the diagnostic level.

Exclusion criteria {#sec2-1}
------------------

History of trauma in the abdomen,History of chronic pancreatitis,Pregnancy,Long-term malnutrition,History of chemotherapy, azathioprine, thiazide diuretic, OCP,Alcohol consumption (\>20 g per day),Hypercalcemia,Hypertriglyceridemia, andStones \>3 mm in ultrasound.

The EUS device (EPM-3500 Hitachi Eub-5500) was provided by Pentax.

Data analysis {#sec2-2}
-------------

The quantitative variables were mean, standard deviation, minimum, and maximum, while the qualitative variables included numbers (percentage). The normality of quantitative variables was investigated using the Shapiro--Wilk test. In order to examine the relationship between qualitative variables, the Chi-square test (or Fisher\'s exact test) was used. Accordingly, independent *t*-test and Mann--Whitney test were used to compare the quantitative variables. The significance level of the above tests was \<0.05. Data analysis was performed using the SPSS 22.0.

Results {#sec1-3}
=======

According to the results, out of the 146 patients, 79 (54%) were female and 67 (46%) were male. The mean and standard deviation of the patients were 52.5 and 19.6 years, respectively.

[Table 1](#T1){ref-type="table"} shows the frequency and percentage of gall bladder in ultrasound. In general, 55 patients (38%) were diagnosed without stones and sludge. Accordingly, 31 patients (21%) were reported to have sludge containing stones. Stones and sludge were detected in 40 patients (27%). The results of the Chi-square test showed that there was no significant difference between men and women in the gallstone report (*P* = 0.19). Of the 146 patients studied, 142 (97%) patients had bile duct stones and 3 (4%) had malignant bile duct stones.

###### 

Frequency of bile duct stones in ultrasound

  Variable                                                      Female   Male   All patients   *P*              
  ----------------------------------- ------------------------- -------- ------ -------------- ----- ----- ---- -------
  Report of bile duct in ultrasound   Without stone or sludge   28       35     27             40    55    38   0.191
  With sludge                         14                        18       17     25             31    21         
  With stone                          15                        19       5      8              20    14         
  With stone and sludge               22                        28       18     27             40    27         
  Total                               79                        100      67     100            146   100        

Determining the sensitivity of abdominal ultrasound in the diagnosis of bile duct stones in comparison with EUS {#sec2-3}
---------------------------------------------------------------------------------------------------------------

[Table 2](#T2){ref-type="table"} shows the sensitivity, specificity, positive and negative predictive value, and accuracy of abdominal ultrasound in the diagnosis of bile duct stones.

###### 

Sensitivity, specificity, positive and negative predictive value, and accuracy of abdominal ultrasound

                         Diagnosis   Negative   Positive   Total   Sensitivity   Specificity   Positive predictive value   Negative predictive value
  ---------------------- ----------- ---------- ---------- ------- ------------- ------------- --------------------------- ---------------------------
  Abdominal ultrasound   Negative    92         33         125                                                             
  Positive               1           16         17         0.33    0.99          0.94          0.74                        0.66
  Total                  93          49         142                                                                        

According to this table, abdominal ultrasound detects 125 patients as negative (no diagnosis of bile duct stones) and 17 patients as positive (diagnosis of bile duct stones).

The sensitivity of ultrasound was 0.33, which means that abdominal ultrasound was able to detect the bile duct stones correctly (33%). The specificity of abdominal ultrasound was 99%. The abdominal ultrasound was able to detect the absence of bile duct stones accurately (99%). The positive predictive value of abdominal ultrasound was 94.0. In fact, positive predictive value was a part of cases in which patients actually had bile duct stones. The negative predictive value of abdominal ultrasound was 74.0. In fact, negative predictive value showed that the participants were actually healthy. Overall, the accuracy of abdominal ultrasound was 0.66. In fact, the capability of abdominal ultrasound in the correct differentiation between healthy subjects and patients was 66%.

Determining the sensitivity of abdominal ultrasound in the diagnosis of malignancy {#sec2-4}
----------------------------------------------------------------------------------

[Table 3](#T3){ref-type="table"} shows the sensitivity, specificity, positive and negative predictive value, and accuracy of abdominal ultrasound in the diagnosis of malignancy.

###### 

The sensitivity, specificity, positive and negative predictive value, and accuracy of abdominal ultrasound in the diagnosis of malignancy

                         Diagnosis   Negative   Positive   Total   Sensitivity   Specificity   Positive predictive value   Negative predictive value
  ---------------------- ----------- ---------- ---------- ------- ------------- ------------- --------------------------- ---------------------------
  Abdominal ultrasound   Negative    0          3          3                                                               
  Positive               1           0          1          0       0             0             0                           0
  Total                  1           3          4                                                                          

According to [Table 3](#T3){ref-type="table"}, out of four cases of malignancy, abdominal ultrasound has not been able to detect any negative (detecting the absence of malignancy) or positive cases (detecting the malignancy). While abdominal ultrasound has detected three patients as false positive (misdiagnosis of malignancy) and one false negative (misdiagnosis of the absence of malignancy). Owing to the small sample size of patients with malignancy and the lack of true positive and negative diagnosis by abdominal ultrasound, it was concluded that the sensitivity, specificity, positive and negative predictive value, and accuracy of abdominal ultrasound were zero in the diagnosis of malignancy \[[Diagram 1](#F1){ref-type="fig"}\].

![The sensitivity, specificity, positive and negative predictive value, and accuracy of abdominal ultrasound](JFMPC-8-733-g001){#F1}

Determining the sensitivity of EUS in diagnosis of bile duct stones in comparison with ERCP {#sec2-5}
-------------------------------------------------------------------------------------------

[Table 4](#T4){ref-type="table"} shows the sensitivity, specificity, positive and negative predictive value, and accuracy of EUS in the diagnosis of bile duct stones \[[Diagram 2](#F2){ref-type="fig"}\].

###### 

The sensitivity, specificity, positive and negative predictive value, and accuracy of endoscopic ultrasound

                         Diagnosis   Negative   Positive   Total   Sensitivity   Specificity   Positive predictive value   Negative predictive value
  ---------------------- ----------- ---------- ---------- ------- ------------- ------------- --------------------------- ---------------------------
  Abdominal ultrasound   Negative    4          2          6                                                               
  Positive               4           23         27         0.92    0.5           0.85          0.67                        0.71
  Total                  8           25         33                                                                         

![The sensitivity, specificity, positive and negative predictive value, and accuracy of endoscopic ultrasound](JFMPC-8-733-g002){#F2}

According to [Table 4](#T4){ref-type="table"}, EUS has detected 6 negative cases (no bile duct stones) and 27 positive cases (with bile duct stones). The sensitivity of EUS was 0.92, meaning that it was able to detect the presence of bile duct stones correctly in 92% of the cases. The specificity of EUS was 0.5. It means that the capability of EUS to detect the absence of bile duct stones correctly was 50%.

The positive predictive value of EUS was 0.85. In fact, the positive predictive value shows that the patients actually have bile duct stones. The negative predictive value of EUS was 0.67. In fact, the negative predictive value shows that the subjects are healthy. Overall, the accuracy of EUS was 0.71. In fact, the capability of abdominal ultrasound in differentiating healthy subjects from patients was 71%.

Discussion and Conclusion {#sec1-4}
=========================

AP is an inflammatory process of the pancreas characterized by abdominal pain and increased pancreatic enzymes. This disease is diagnosed clinically. Several clinical conditions are known as the causes of AP, with the most common of which being gallstones and alcohol consumption. There are several methods to diagnose bile duct stones. In this study, three diagnostic and therapeutic methods (abdominal ultrasound, EUS, and ERCP) were compared. The findings showed that the sensitivity of abdominal ultrasound was 33%. In contrast to ERCP, the sensitivity and specificity of abdominal ultrasound were 62% and 62.5%, respectively. Accordingly, EUS and ERCP were compared with one another. The sensitivity and specificity of the EUS were 92% and 50%, respectively.

Ardengh *et al.* investigated the sensitivity and specificity of EUS. They performed surgical and histological studies and concluded that the sensitivity and specificity of EUS were 92.6% and 55.6%, respectively. The present study obtained similar results and confirmed their study.\[[@ref19]\] Taha Ahmed *et al.* examined the sensitivity and specificity of abdominal ultrasound and EUS in comparison with ERCP. They showed that the sensitivity and specificity of abdominal ultrasound were 52% and 21%, respectively. Accordingly, the sensitivity and specificity of EUS were 62% and 36%, respectively. In the present study, the sensitivity and specificity of EUS were higher than abdominal ultrasound, but the sensitivity and specificity of EUS were higher than what the Taha Ahmed *et al.* reported. This can be attributed to the old generation endoscope used in the study.

In several studies, researchers evaluated patients for the sensitivity and specificity of abdominal ultrasound and EUS. The results showed that the sensitivity of ultrasound was 15--56% and the sensitivity of EUS in the detection of CBDS was 88--97%.\[[@ref18][@ref20][@ref21][@ref22][@ref23][@ref24]\] The extensive sensitivity of the abdominal ultrasound in different studies can be attributed to the dependence of ultrasound on the person who undergoes it.

Conclusion {#sec1-5}
==========

The findings of this study that were similar to those of previous studies showed that the sensitivity and specificity of EUS were higher than abdominal ultrasound, and EUS was the preferred method to detect the CBDS.
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